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(54) Control system for direct injection diesel engine 



(57) A control system for a direct injection diesel en- 
gine having a fuel injection valve (15) for injecting fuel 
whose quantity corresponds to engine load directly into 
a cylinder (1 4) and an intake throttle valve (23) provided 
in an intake passage (2) comprises an intake throttle 
valve controller (41 ) which performs a control operation 



for reducing the amount of intake air by closing the in- 
take throttle valve (23) to thereby make the air-fuel ratio 
in the cylinder (14) smaller than the theoretical air-fuel 
ratio during warm engine idling, and a fuel injection con- 
troller (40) which controls the fuel injection valve (1 5) to 
make pilot injection of the fuel during execution of the 
control operation for reducing the amount of intake air. 
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Description 

Field of the Invention 

[0001 ] This invention relates to a control system for a 
direct injection diesel engine which is installed on motor 
vehicle, for example. 

Background of the invention 

[0002J Japanese Unexamined Patent Publication No. 
8-284709 discloses an example of a conventional con- 
trol system for a diesel engine having a main combus- 
tion chamber and a precombustion chamber in each cyl- 
inder and an exhaust recirculating passage for recircu- 
lating exhaust gas from an exhaust passage to an intake 
passage. To make it possible to reduce combustion 
noise and maintain a desired amount of recirculated ex- 
haust gas without the need for a dedicated throttle valve 
for recirculating the exhaust gas or complicated control, 
this control system comprises a partition dividing part of 
the intake passage into a main passage and an auxiliary 
passage, a main intake throttle valve pivotably support- 
ed on a shaft in the main passage and connected to an 
accelerator operating device, and an auxiliary intake 
throttle valve, provided in the auxiliary passage. When 
the accelerator operating device is not operated, the 
main intake throttle valve produces a negative pressure 
exerted on the exhaust recirculating passage by closing 
the main passage, and when the accelerator operating 
device is operated, the main intake throttle valve regu- 
lates the negative pressure as its portion downstream 
of the supporting shaft swings in a direction going away 
from a downstream end of the partition thereby varying 
the cross-sectional area of the main passage. The aux- 
iliary intake throttle valve is opened and closed accord- 
ing to' operating conditions of the engine. 
[0003] A diesel engine designed to close an intake 
throttle valve to reduce the amount of intake air when 
an accelerator operating device is not operated, such 
as in an engine idling state, as stated above is advan- 
tageous in that it can reduce combustion noise by low- 
ering the maximum pressure in cylinders. In this kind of 
diesel engine, however, there can arise cases where the 
atr-fuel ratio becomes too low due to the reduction in the 
amount of intake air c resulting in an increase In ignition 
delay and an eventual increase in combustion noise. 
[0004] Especially in a direct injection diesel engine 
constructed to inject fuel directly into cylinders, a swirl 
which contributes to accelerating combustion is not 
strong enough compared to what is produced by the 
aforementioned diesel engine having the precombus- 
tion chamber. Therefore, if the direct injection diesel en- 
gine is controlled to reduce the amount of intake air by 
closing an intake throttle valve as stated above, the air- 
fuel ratio will significantly drop. This would result in an 
increase in the amount of smoke in exhaust gases and 
might eventually give rise to the possibility of misfire. 



Thus, the conventional direct injection diesel engine has 
a problem that It is impossible to reduce the amount of 
intake air by closing the intake throttle valve beyond a 
particular point and, therefore, the combustion noise 

5 cannot be effectively suppressed. 

[0005] If an engine provided with an exhaust recircu- 
lating system for recirculating exhaust gas to an intake 
passage through an exhaust recirculating passage as 
described in the aforementioned Patent Publication is 

10 so constructed as to reduce the amount of intake air by 
closing an intake throttle valve when the engine is at 
idle, a large amount of exhaust gas is recirculated back 
into cylinders as a negative pressure is developed on 
the downstream side of the intake throttle valve. This 

is construction has a problem that the amount of Iresh air 
introduced into the cylinders decreases in correspond- 
ence with the amount of recirculated exhaust gas, caus- 
ing an increased risk of misfire. 

20 Technical Problem underlying the Invention and the 
solution thereof 

[0006] In view of the foregoing, it is an object of the 
invention to provide a control system for a direct injec- 
ts tion diesel engine which makes it possible to effectively 
reduce combustion noise while preventing generation 
of smoke and misfiring under engine idling conditions. 
[0007] According to the invention, a control system for 
a direct injection diesel engine having a fuel injector for 
30 injecting fuel whose quantity corresponds to engine load 
directly into a cylinder and an intake throttle valve pro- 
vided in an intake passage comprises an intake throttle 
valve controller which performs a control operation for 
reducing the amount of intake air by closing the intake 
35 throttle valve to thereby make the air-fuel ratio in the cyl- 
inder smaller than the theoretical air-fuel ratio during the 
idling operation in the engine warm state, and a fuel in- 
jection controller which controls the fuel injector to make 
pilot injection of the fuel during execution of the control 
4 o operation for reducing the amount of intake air. 

[0008] The control system of this construction per- 
forms the control operation for reducing the amount of 
intake air to make the air-fuel ratio in the cylinder smaller 
than the theoretical air-fuel ratio during the idling oper- 
as ation in the engine warm state, thereby enabling effec- 
tive suppression of combustion noise by lowering the 
maximum cylinder pressure. Since the control system 
makes the pilot injection of the fuel while executing the 
aforementioned control operation for reducing the 
50 amount of intake air, it becomes possible to improve fuel 
ignitabitity to effectively prevent an increase in the 
amount of smoke and misfiring, as well as to prevent an 
increase in combustion noise caused by delayed igni- 
tion. 

55 [0009] In one aspect of the invention, the control sys- 
tem for the direct injection diesel engine controls the 
opening of the intake throttle vah/e in such a way that 
"the amount of intake air becomes smaller than a value 
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which would provide optimum fuel economy (fuel con- 
sumption) when it is assumed that the pilot injection is 
not made during warm engine idling in which the intake 
throttle valve controller executes the aforementioned 
control operation for reducing the amount of intake air. 
[0010] This construction serves to improve combus- 
tion efficiency and avoid a deterioration of fuel economy 
by virtue of the pilot injection, and to achieve both an 
improvement in fuel economy and a reduction in com- 
bustion noise as a relatively small amount of intake air 
is set during the idling operation in the engine warm 
slate as stated above. 

[0011] In another aspect of the invention, the control 
system for the direct injection diesel engine further com- 
prises an exhaust recirculating passage for recirculating 
exhaust gas to the downstream side of the intake throttle 
valve, an exhaust recirculating valve provided in the ex- 
haust recirculating passage, anc an exhaust recircula- 
tion controller which controls the amount of recirculated 
exhaust gas such that the air-fuel ratio in the cylinder 
becomes generally equal to the tneoretical air-fuel ratio 
under normal operating conditions, wherein the control 
system brings the exhaust recirculating valve to its 
closed state during the idling operation in the engine 
warm state in which the intake tnroltle valve controller 
executes the aforementioned control operation for re- 
ducing the amount of intake air. 
[001 2] This construction serves to avoid an excessive 
decrease in the amount of intake air and effectively pre- 
vent engine misfiring as the exhaust recirculating valve 
is brought to the closed state during the idling operation 
in the engine warm state in which the intake throttle 
valve controller executes the aforementioned control 
operation for reducing the amount of intake air. 
[0013] In another aspect of the invention, the control 
system for the direct injection diesel engine to be in- 
stalled on a vehicle further comprises a start-ready sen- 
sor for detecting whether the vehicle is in a ready-to- 
start state, wherein the control system is so constructed 
as to reduce the degree of closing the intake throttle 
valve if it is determined based on a sensing signal fed 
from the start-ready sensor thai the vehicle is in the 
ready-to-start stale during the idling operation in the' en- 
gine warm state in which the intake throttle valve con- 
troller executes the aforementioned control operation 
for reducing the amount of intake air. 
[0014J In this construction, the control system sup- 
presses combustion noise by reducing the amount of 
intake air to lower the maximum cylinder pressure dur- 
ing the idling operation in the engine warm state while 
the vehicle is in stationary. In addition, the control sys- 
tem controls to reduce the degree of closing the intake 
throttle valve to decrease the reduction of intake air 
amount and slightly increase the intake air amount prior 
to the vehicle start when the vehicle is in ready to run 
state as a vehicle start preparation scheme so as to 
solve the problem related to the lack of intake air amount 
due to the delay in response during intake step at the 



time of vehicle start operation thereby securing the good 
vehicle start performance and preventing the increase 
of the smoke generation. In other words, the combustion 
noise can be suppressed if the amount of intake air is 
5 sufficiently reduced in case the vehicle is not yet ready 
to run state while it is in stationary mode with an engine 
in idling mode during the engine warm state. 
[0015] In still another aspect of the invention, the con- 
trol system for the direct injection diesel engine further 

10 comprises an accelerator operation sensor for detecting 
whether an accelerator pedal has been operated, 
wherein the control system is so constructed as to fur- 
ther reduce the degree of closing the intake throttle 
valve than in the ready-to-start state if it is determined 

*5 based on a sensing signal fed from the accelerator op- 
eration sensor that the accelerator pedal has been op- 
. erated during the idling operation in the engine warm 
state in which the intake throttle valve controller exe- 
cutes the aforementioned control operation for reducing 

20 the amount of intake air. 

[0016] In this construction, the control system exe- 
cutes a correction to further reduce the degree of closing 
the intake throttle valve than in the ready-to-start state 
if it is determined that the accelerator pedal has been 

25 operated during the idling operation in the engine warm 
state in this construction. This would provide engine 
power necessary in a vehicle start-off phase as the 
amount of intake air is increased in a step-by-step fash- 
ion from the time prior to vehicle start, and prevent an 

30 increase in the amount of smoke which might occur 
when the engine is raced at idle. 
[0017] In yet another aspect of the invention, the con- 
trol system for the direct injection diesel engine further 
comprises an external load sensor for detecting whether 

35 any external load is exerted on the engine, wherein the 
control system is so constructed as to increase engine 
speed by increasing the amount of injected fuel and cor- 
respondingly reduce the degree of closing the intake 
throttle valve if it is determined based on a sensing sig- 

^0 nal fed from the external load sensor that an external 
load is exerted on the engine during the idling operation 
in the engine warm state in which the intake throttle 
valve controller executes the aforementioned control 
operation for reducing the amount of intake air. 

45 [0016] In this construction, the control system exe- 
cutes a control operation for increasing the amount of 
injected fuel while effectively suppressing combustion 
noise by setting the opening of the intake throttle valve 
to a specific value to effectively suppress combustion 

so noise and avoids an excessive reduction in the amount 
of intake air by executing the aforementioned correction 
for reducing the degree of closing the intake throttle 
valve when an external load is exerted on the engine. 
This makes it possible to effectively prevent engine 

55 stops which could be caused by external loads exerted 
on the engine. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0019] 

FIG. 1 is a schematic diagram of a direct injection 
diesel engine provided with a control system ac- 
cording to a preferred embodiment of the present 
invention; 

FIG. 2 is a functional block diagram showing a spe- 
cific configuration of the control system; 
FIG. 3 is a flowchart showing control operation per- 
formed by the control system of the embodiment; 
FIG. 4 is a target setting chart used for setting var- 
ious target values; 

FIG. 5 is a graph showing a relationship between 
engine speed and intake air pressure; 
FIG. 6 is a graph showing a relationship between 
maximum cylinder pressure and intake air pres- 
sure; 

FIG. 7 is a graph showing a relationship between 
fuel economy and intake air pressure; 
FJG. 8 is a graph showing a relationship between 
the amounts of fresh air and recirculated exhaust 
gas introduced into cylinders and intake air pres- 
sure in a conventional engine: 
FIG. 9 is a graph showing a relationship between 
the amounts of fresh air and recirculated exhaust 
gas introduced into the cylinders and intake air 
pressure when a control operation for closing an ex- 
haust gas recirculation (EGR) valve is executed; 
and 

FIG. 10 is a graph shewing a relationship between 
the amounts of fresh air and recirculated exhaust 
gas introduced into the cylinders and intake air 
pressure when pilot injection is made while execut- 
ing the control operation for closing the EGR valve. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 
OF THE INVENTION 

[0020] FIG. 1 is a schematic diagram of a diesel en- 
gine for a vehicle provided with a control system accord- 
ing to the present invention in which an intake passage 
2 and an exhaust passage 3 are connected to an engine 
body 1 . This engine comprises a turbocharger 5 which 
includes a compressor 6 provided in the intake passage 
2 and a turbine 7 provided in the exhaust passage 3 for 
driving the compressor 6 with exhaust gas energy. 
[0021] The engine further comprises an exhaust re- 
circulating system which includes an exhaust gas recir- 
culation (EGR) passage 11 connecting the exhaust pas- 
sage 3 and the intake passage 2 to each other and an 
EGR valve 12 provided in the EGR passage 11. Further- 
more, a catalytic converter 28 is provided in the exhaust 
passage 3. 

[0022] Each cylinder 14 of the engine body 1 is pro- 
vided with a fuel injection valve (fuel Injector) 15 having 
more than one noz2le orifice for injecting fuel directly 



into a combustion chamber. Fuel-inlet side of the fuel 
injection valve 15 of each cylinder 14 is connected to a 
common rail (common pipe) 1 7 via a fuel distribution line 
16. The common rail 17 is connected to a fuel injection 
s pump 18. The fuel output from the fuel injection pump 
18 is pressurized in the common rail 17 and delivered 
to the individual fuel injection valves 15. The engine is 
constructed such that the amount of injected fuel, injec- 
tion pressure and timing of each fuel injection valve 15 
10 can be controlled according to control signals output 
from a later-described control unit 30. Fuel-outlet side 
of the fuel injection valve 1 5 of each cylinder 14 is con- 
nected to a return passage 1 9. 
[0023] The intake passage 2 is provided, from its up- 
*5 stream side to downstream side, with an air intake sen- 
sor 21 formed essentially of an air flow sensor, the com- 
pressor 6 of the turbocharger 5 : an intercooler 22, an 
intake throttle valve 23 and a surge tank 24 in which a 
boost-pressure sensor 25 formed essentially of a pres- 
to sure sensor is provided. 

[0024] The intake throttle valve 23 driven by a vacu- 
um-operated actuator 23a reduces air flow through the 
intake passage 2 in a particular engine operating range. 
The actuator 23a is connected to a vacuum pump 27 by 
25 way of a solenoid valve 26A. The duty cycle of the so- 
lenoid valve 26A is controlled according to a control sig- 
nal output from the control unit 30 to regulate the ratio 
between negative pressure and atmospheric pressure 
introduced into the actuator 23a : whereby the opening 
30 of the intake throttle valve 23 is controlled. 

[0025] The turbocharger 5 serving as an exhaust gas 
recirculation quantity regulator is made of a variable-ge- 
ometry turbo ( VGT) which is provided with a number of 
variable blades 8 constituting variable nozzles for vary- 
as ing the area of exhaust flow to the turbine 7. The turbo- 
charger 5 is constructed such that its turbine efficiency 
(boost efficiency) is controlled by adjusting the angle of 
the variable blades 8 from a fully-closed state where the 
exhaust flow area is minimized to a fully-open state 
*o where the exhaust flow area is maximized. More specif- 
ically, the variable blades 8 are driven by a vacuum-op- 
erated actuator Sa which is connected to the vacuum 
pump 27 by way of a solenoid valve 26B. The duty cycle 
of the solenoid valve 26B is controlled to regulate the 
« ratio between negative pressure and atmospheric pres- 
sure introduced into the actuator 8a, whereby the open- 
ing of the variable blades 8 of Ihe turbocharger'5 is con- 
trolled. 

[0026] One end of the EGR passage 1 1 is connected 
so to the upstream side of the turbine 7 in the exhaust pas- 
sage 3, while the other end of the EGR passage 11 is 
connected to the downstream side of the intake throttle 
valve 23 in the intake passage 2, e.g., to the surge tank 
24 or to its upstream side. An EGR cooler (recirculated 
55 gas cooler) 29 is provided in the EGR passage 11 , up- 
stream of the EGR valve 12. The EGR cooler 29 is of a 
water-cooling type which introduces engine-cooling wa- 
ter for cooling recirculated exhaust gas. 
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[0027] The EGR valve 1 2 is connected to the vacuum 
pump 27 by way of a solenoid valve 26C whose duty 
cycle is controllable according to a control signal output 
from the control unit 30. The ratio between negative 
pressure and atmospheric pressure introduced into a 
negative pressure chamber in the EGR valve 1 2 is reg- 
ulated by controlling the duty cycle of the solenoid valve 
26A to thereby control the opening ol the EGR valve 1 2. 
[0028] The control unit 30 receives various sensing 
signals. These include signals entered from the air in- 
take sensor 21 and the boost-pressure sensor 25 shown 
in FIG. 1 as well as those entered from an accelerator 
operation sensor 31 which detects depression status of 
an accelerator pedal, a start-ready sensor 32 which de- 
tects whether the vehicle is in a ready-lo-start state 
based on transmission connecting status and depres- 
sion status of a clutch pedal for Instance, a cooling wa- 
ter temperature sensor 33 which detects the tempera- 
ture of the engine-cooling water, a brake operation sen- 
sor 34 which detects depression status of a brake pedal, 
a parking brake status sensor 35 which detects operat- 
ing status of a parking brake, an external load sensor 
36 which detects status of external loads, and a com- 
mon rati pressure sensor 37 which detects fuel pressure 
within the common rait 17 shown in FIG. 2. 
[0029] The control unit 30 includes an operating con- 
dition identifier 39 which judges operating conditions of 
the engine based on the aforementioned sensing. sig- 
nals, a fuel injection controller 40 which controls the 
amount of fuel injected by the fuel injection valves 1 5 as 
well as their injection pressure and timing according to 
the engine operating conditions identified by the oper- 
ating condition identifier 39 and controls the fuel injec- 
tion valves 1 5 to make pilot injection prior to main injec- 
tion where necessary, an intake throttle valve controller 
41 which controls the amount of intake air introduced 
into the cylinders 14 by adjusting the opening of the in- 
take throttle valve 23, and an EGR controller 42 which 
controls the amount of recirculated exhaust gas by ad- 
justing the opening of the EGR valve 12. Where the main 
injection is performed around an upper dead center dur- 
ing the compression stroke while the pilot injection is 
performed few of tenth degrees prior to the main injec- 
tion in the later part of the compression stroke. 
[0030] The fuel injection controller 40 controls the 
amount of injected fuel and injection timing by transmit- 
ting a control signal to the fuel injection valves 15 as will 
be later described in detail. The fuel injection controller 
40 performs a control operation which causes the injec- 
tion valves 15 to make pilot injection in which a small 
amount of fuel is injected prior to main injection in most 
operating ranges of the engine, in particular, during an 
idling operation in an engine warm state (also referred 
to as during warm engine idling), excluding specific op- 
erating ranges such as a high-toad, high-speed range. 
When the pilot injection is made, the total amount of fuel 
to be injected (target fuel injection quantity) and the ratio 
between the amounls of fuel to be injected by the pilot 



injection and main injection are calculated according to 
the engine operating conditions. The amounts of fuel lo 
be injected by the pilot injection and main injection are 
calculated from the total amount of fuel to be injected 
5 and the ratio between the amounts of fuel to be injected 
by the pilot injection and main injection. The interval be- 
tween the pilot injection and main injection is also cal- 
culated according to the engine operating concStions. 
[0031 ] The engine is constructed such that the fuel in- 
fo jection controller 40 calculates a target injection pres- 
sure corresponding to the engine operating conditions 
based on a map storing predefined injection pressures 
and the fuel injection pressure is controlled by control- 
ling an unillustrated fuel pressure regulator based on a 
is comparison between the target injection pressure and 
the fuel pressure detected by the common rail pressure 
sensor 37. 

[0032] The target fuel injection pressure is set such 
that it is relatively low in a low-load, low-speed range of 

20 the engine and becomes higher with an increase in en- 
gine speed and load. An increase in the fuel injection 
pressure serves to produce a finer fuel spray and ena- 
bles injection of a larger amount of fuel in a shorter time 
period, so that higher torques arc obtained with an in- 

25 crease in the fuel injection pressure. If the injection pres- 
sure is increased at a low engine speed, however, pump 
load increases and nitrogen oxides (NOx) become more 
likely to occur. Thus, lower injection pressures are set 
at lower engine speeds and higher injection pressures 

30 are set at higher engine speeds to make it possible lo 
inject the fuel in shorter time periods. On the other hand, 
lower injection pressures are set to make it easier to 
suppress combustion noise in lower-load ranges, while 
higher injection pressures are set in higher-load ranges 

35 to achieve higher torques. , \ t 

[0033] The intake throttle valve controller 41 controls 
the opening of the intake throttle valve 23 by transmitting 
a control signal to the solenoid valve 26A so that a de- 
sired amount of intake air (target intake air quantity) ap- 

w propriate for the engine operating conditions would be 
obtained. During idling operation in the engine warm 
state (also referred to as a warm engine idling), the in- 
take throttle valve controller 41 reduces the amount of 
intake air by adjusting the Intake throttle valve 23 in its 

4 5 closing direction such that the air-fuel ratio in the cylin- 
ders 14 would become equal to or smaller than the the- 
oretical air-fuel ratio (X = 1), e.g., 0.7^X^1.0. It should 
be noted that the warm engine state is meant to be the 
state determined by detecting the temperature of the en- 

50 gine cooling water and the temperature thereof equals 
to or above 60 degrees is considered to be the engine 
warm state in practical sense. 

[0034] The EGR controller 42 performs a feedback 
control operation to adjust the opening of the EGR vafve 
.55 12 by outputting a control signal to the solenoid valve 
26C that causes the air-fuel ratio to match the theoretical 
, air-fuel ratio at least during steady-state engine opera- 
tion. During the feedback control operation, a target air- 
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fuel ratio is read out from a predefined map in accord- 
ance with a target engine torque and engine speed and 
a target amount of fresh air (target fresh air quantity) to 
be introduced into the combustion chambers of the en- 
gine body 1 is calculated based on the target air-fuel 
ratio and the target fuel injection quantity set by the fuel 
injection controller 40. The calculated value of the target 
fresh air quantity and actual fresh air quantity detected 
by the air flow sensor 21 are entered to the EGR con- 
troller 42. 

[0035] The EGR controller 42 outputs the control sig- 
nal, which corresponds to the difference between the 
target fresh air quantity and actual fresh air quantity, to 
the solenoid valve 26C for driving the EGR valve 12 to 
perform the aforementioned feedback control operation 
for adjusting the opening of the EGR valve 12 and there- 
by eliminate the difference between the target and ac- 
tual fresh air quantities. Here., the aforementioned target 
air-fuel ratio is set such lhal it becomes approximately 
equal to the theoretical air-fuel ratio in the low-load, tow- 
speed range of the engine, for example. Thus, the EGR 
controller 42 causes the EGR valve 1 2 to be completely 
closed to achieve the necessary amount of fresh air in- 
troduced into the cylinders 1 4 during warm engine idling 
in which the engine is controlled such that the intake 
throttle valve controller 41 reduces the amount of intake 
air to make the air-fuel ratio in the cylinders 14 smaller 
than the theoretical air-fuel ratio. 
[0036] Control operation performed by thecontrol unit 
30 during warm engine idling is now described referring 
to a flowchart shown in FIG. 3. First, following the start 
of the operation of the flowchart, a judgment is made in 
step S1 to check whether the engine is in a warm run- 
ning state based on the sensing signal fed from the cool- 
ing water temperature sensor 33. If the judgment result 
in step S1 is in the affirmative, the control unit 30 judges 
whether the accelerator pedal has been operated in step 

52 based on the sensing signal fed from the accelerator 
operation sensor 31 . 

[0037] If it is determined that the accelerator pedal 
has not been operated in step S2 : the control unit 30 
further judges whether the brake pedal has been oper- 
ated in step S3 based on the sensing signal fed from the 
brake operation sensor 34. If the judgment result in step 

53 Is In the negative, the control unit 30 further judges 
whether the vehicle Is in a ready-to-start state in step 

54 based on the sensing signal fed from the start-ready 
sensor 32. 

[0038] If it is determined that the brake pedai has been 
operated in step S3 or the vehicle is not in the ready-to- 
start state in step S4; the control unit 30 judges whether 
any external load is exerted on the engine in step S5 
based on the sensing signal fed from the external load 
sensor 36. 

[0039] If the judgment result in step S5 is in the neg- 
ative, or if it is determined that the vehicle Is in a normal 
warm idling state in which the vehicle is not in the ready- 
to-start state and no external load is exerted on the en- 



gine, the control unit 30 selects target values 1 shown 
in a target setting chart of FIG. 4 in step S6. Specifically, 
the control unit 30 selects the target values 1 for the fuel 
injection pressure, timings of the main injection and pilot 

5 injection, and idling engine speed which are set to 
achieve the normal idling state. Then, after setting a 
feedback control value for the amount of fuel to be in- 
jected based on the target value 1 for the idling engine 
speed and selecting additional target values 1 which will 

10 bring the intake throttle valve 23 and the EGR valve 12 
to their fully-closed state, the control unit 30 performs a 
fuel injection control operation to make the pilot injection 
prior to the main injection (step S7). 
[0040] If the judgment result in step S5 is in the affirm- 

15 alive, or if it is determined that an external load is exerted 
on the engine, the control unit 30 selects target values 

2 which increase the fuel injection pressure by a specific 
amount compared to the normal idling state, advance 
the timings of the main injection and pilot injection by 

20 specific amounts, and increase the idling engine speed 
by a specific amount in step S8. In this case, the control 
unit 30 sets a'feedback control value for the amount of 
fuel to be injected based on the target value 2 for the 
idling engine speed, and selects additional target values 

25 2 which correct the position of the intake throttle valve 
23 by moving it in its opening direction by a specific 
amount from its fully-closed position, and bring the EGR 
valve 1 2 to its fully-closed state. The operation flow then 
proceeds to step S7. 

30 [0041] If the judgment result in step S1 is in the neg- 
ative, or if it is determined that the engine is in a cold 
idling state, the control unit 30 selects target values 3 
which set the fuel injection pressure to approximately 
the same level as will be achieved when an external load 

35 is exerted on the engine, retard the timings of the main 
injection and pilot injection by specific amounts com- 
pared to the aforementioned normal idling state, and in- 
crease the idling engine speed by a specific amount 
f romjhe idling engine speed achieved when the external 

40 load is exerted on the engine in step S9. In this case, 
the control unit 30 sets a feedback control value for the 
amount of fuel to be injected based on the target value 

3 for the idling engine speed, and selects additional tar- 
get values 3 which correct the position of the intake 

^5 throttle valve 23 by moving it In its opening direction by 
a specific amount from the position taken when the ex- 
ternal load is exerted on the engine, and bring the EGR 
valve 1 2 to its fully-closed state. The operation flow then 
proceeds to step S7. 

5° [0042] If the judgment result in step S4 is in the affirm- 
ative, or if it is determined that the vehicle is in the ready- 
to-start state with the clutch pedal depressed and a 
transmission connected by a driver, for example, the 
control unit 30 selects target values 4 which further in- 

55 crease the fuel injection pressure than In the aforemen- 
tioned cold idling state, further advance the injection tirm 
ing than when the external load Is exerted oh the engine, 
and further increase the idling engine speed than in the 
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cold idling state in step S1 0. In this case, the control unit 
30 sets a feedback control value for the amount of fuel 
to be injected based on the target value 4 for the idling 
engine speed, and selects additional target values 4 
which correct the position of the intake throttle valve 23 
by moving it in its opening direction by a specific amount 
from the position taken in the cold idling state, release 
the EGR valve 12 from its fully-closed state and bring it 
to an opening appropriate for the operating conditions 
of the engine. The operation flow then proceeds to step 
S7. 

[0043 J Furthermore, if the judgment result in step S2 
is' in the affirmative, or if it is determined that the driver 
has depressed the accelerator pedal to start the vehicle 
or to race the engine at idle, for instance, the control unit 
30 selects target values 5 which set the fuel injection 
pressure and injection tinning to approximately the same 
level as in the aforementioned ready-to-start state ..cor- 
rect the position of the inlake throttle valve 23 by moving 
it in its opening direction by a specific amount from the 
ready-to-start state, release the EGR valve 12 from its 
fully-closed state and bring it to an opening appropriate 
for the operating conditions of the engine in step S11. 
The operation flow then proceeds to step S7. Since the 
idling state is canceled when the accelerator pedal has 
been operated, no target value is set for the idling engine 
speed in step S1 1 . The amount of fuel to be injected is 
determined according to the operating conditions of the 
engine in this case. 

[0044] FIG, 5 shows how the engine speed and the 
intake air pressure in the intake passage 2 vary in rela- 
tion to each other when the vehicle transfers from the 
warm engine idling state to a start-off phase. In the nor- 
mal idling state where the aforementioned target values 
1 are selected both the engine speed and the intake air 
pressure are at their lowest levels. When the vehicle 
transfers to an external load condition in which the afore- 
mentioned target values 2 are selected, both the engine 
speed and the intake air pressure slightly increase. 
When the vehicle transfers from this condition to the 
ready-to-start state where the aforementioned target 
values 4 are selected, the engine speed and the intake 
air pressure increase by specific amounts. When the ve- 
hicle transfers from the ready-to-start state to an accel- 
erator-operating condition in which the aforementioned 
target values 5 are selected, the. engine speed increas- 
es by a specific amount and the intake air pressure fur- 
ther increases. Since the vehicle starts off subsequently, 
the engine speed and the intake air pressure further in- 
crease rapidly. 

[0045] Since the control system is so constructed as 
to make the air-fuel ratio in the cylinders 14 equal to or 
smaller.than the theoretical air-fuel ratio by causing the 
intake throttle vatve controller 41 to close the intake 
throttle valve 23, thereby reducing the amount of intake 
air during warm engine idling, and to make pilot injection 
of the fuel according to the control signal output from the 
fuel injection controller.40 during execution of the above 
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control operation for reducing the amount of intake air, 
it is possible to effectively suppress combustion noise 
and generation of smoke while preventing the occur- 
rence of misfire. 

5 [0046] As can be seen from FIG. 6 showing a relation- 
ship between the maximum cylinder pressure and in- 
take air pressure, which drops when the intake throttle 
valve 23 is closed, the maximum cylinder pressure has 
a tendency to drop with a decrease in the Intake air pres- 

io sure. This is because the more the opening of the intake 
throttle vafve 23 is reduced by closing it, the more the 
amount of intake air introduced into the cylinders 14 de- 
creases due to an increase in resistance to intake air 
flow. It is therefore possible to suppress the combustion 

'5 noise by closing the intake throttle valve 23 to decrease 
the maximum cylinder pressure and thereby reducing 
exciting force exerted on the engine. 
[0047] A swirl which contributes to accelerating com- 
bustion is not strong enough in an ordinary direct injec- 

20 tion dtesel engine compared to what is produced by an 
engine having a precombustion chamber. Therefore, 
misfiring inevitably occurs in the ordinary direct injection 
diesel engine when intake air pressure becomes equal 
to or lower than a specific value a. Contrary to this, if 

25 the pilot injection of the fuel is made when the engine is 
at idle as stated above, it is possible to spread the fuel 
injected by the main injection while burning it using the 
fuel injected by the pilot injection as an ignition source 
and, as a consequence, misfiring can be effectively 

20 avoided. Furthermore, the pilot injection serves to im- 
prove combustibility, prevent smoke generation as well 
as an increase in combustion noise caused by delayed 
ignition. 

[0048] Executing the control operation for reducing 

35 the amount of intake air by the intake throttle valve.con- 
trolter 41 without performing the pilot injection during 
warm engine idling could be effective in improving fuel 
economy as compression loss in the cylinders 14 de- 
creases. Note that throughout the specification, the term 

40 such as the improvement of the fuel economy is used 
and it is meant to be a reduction of the fuel consumption 
(by weight) per a certain output, expressed as "gram/ 
KW h" in unit. This, however, produces a tendency to- 
ward a deterioration of fuel economy on the' whole due 

45 to a degradation in combustibility and an increase in re- 
sistance to the intake air flow. Therefore, if the pilot in- 
jection is not made, optimum fuel economy is achieved 
when the intake air pressure becomes equal to a spe- 
cific value p and the fuel economy deteriorates when the 

50 intake air pressure becomes higher or tower than this 
value p as shown by a broken line in FIG. 7. 
[0049] In contrast, if the pilot injection is made during 
warm engine idling, the fuel economy is improved as 
mentioned above so that the fuel economy does not sig- 

55 nif icantly deteriorate even when the intake air pressure 
becomes lower than the value p as shown by a solid line 
in FIG. 7. Thus, the control system of the present em- 
bodiment has an advantage that it can achieve both an 
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improvement in fuel economy and a reduction in com- 
bustion noise by controlling the opening of the intake 
throttle valve 23 in such a way that the amount of intake 
air becomes smaller than a value which would provide 
optimum fuel economy when it is assumed that the pilot 
injection is not made during warm engine idling in which 
the control operation for reducing the amount of intake 
air is executed by the intake throttle valve controller 41. 
[0050] Furthermore, the control system of the present 
embodiment can effectively prevent engine misfiring by 
avoiding a decrease in the amount of intake air caused 
by recirculation of an excessive amount of exhaust gas 
into the cylinders 1 4. This is because the control system 
is provided with the EGR passage 11 for recirculating 
the exhaust gas to the downstream side of the intake 
throttle valve 23, the EGR valve 12 fined in the EGR 
passage 11, and the intake throttle valve controller 41 
which controls the amount of recirculated exhaust gas 
such that the air-fuel ralio in the cylinders 14 would be- 
come equal to the target air*fuel ratio (e.g., the theoret- 
ical air-fuel ratio) under normal operating conditions, 
and is so constructed as to restrict recirculation of the 
exhaust gas by setting the EGR valve 12 to its closed 
state during warm engine idling in which the control op- 
eration for reducing the amount of intake air is executed. 
[0051] More specifically, when the EGR valve 12 is 
opened to achieve a specific opening under engine 
idling or low-load conditions, there would be a relation- 
ship as shown in FIG. 8 between the intake air pressure 
which drops when the intake throttle valve 23 is closed 
and the amounts of fresh air and recirculated exhaust 
gas introduced into the cylinders 14. As can be seen 
from FIG. 8, the amount of fresh air introduced into the 
cylinders 14 with respect to the amount of recirculated 
exhaust gas has a tendency to increase with a decrease 
in the intake air pressure and the amount of fresh air 
introduced into the cylinders 14 has a tendency to rap- 
idly decrease with a drop in the intake air pressure. It is 
therefore inevitable that engine misfiring occurs at a 
point where the intake air pressure becomes lower than 
a specific value 7. 

[0052] In contrast if the EGR valve 12 is closed by 
the EGR controller 42 whPe a control operation which 
makes the air-fuel ratio in the cylinders 1 4 smaller than 
the target air-fuel ratio by closing the intake throttle valve 
23 Is being executed under engine idling conditions, it 
is possible to reduce the amount of recirculated exhaust 
gas introduced into the cyBnders 14 with a decrease in 
the intake air pressure and thereby prevent the de- 
crease in the amount of fresh air introduced into the cyl- 
inders 14 as shown in FIG. 9. It is therefore possible to 
shift a threshold point where engine misfiring begins to 
occur to a low pressure side of the aforementioned value 

y< 

[0053] If the control system the embodiment is so con- 
structed as to close the EGR valve 12 and improve the 
combustibility by making the pilot injection in the engine 
idling state, engine misfiring does not occur even when 



the intake air pressure is minimi7 ed by fully closing the 
intake throttle valve 23 as shown in FIG. 10. Thus, the 
control system of the embodiment has an advantage 
that it can effectively suppress combustion noise and 

5 smoke generation while preventing the occurrence of 
misfire by controlling the engine to close the EGR valve 
12 and execute the pilot injection when the intake throt- 
tle valve 23 is closed in the engine idling state. 
[0054] Furthermore, the control system of the embod- 

10 iment can effectively prevent a sudden change in com- 
bustion noise caused by a sudden increase in the 
amount of intake air immediately after starting of the ve- 
hicle while suppressing the combustion noise by avoid- 
ing ah increase in the maximum cylinder pressure prior 

'5 to the starting of the vehicle. This is because the control 
system is provided with the start-ready sensor 32 for de- 
tecting whether the vehicle is in the ready-to-start state, 
and is so constructed as to reduce the degree of closing 
the intake throttle valve 23 if it is determined based on 

20 the sensing signal fed from the start-ready sensor 32 
that the vehicle is in the ready-to-start state during warm 
engine idling in which the control operation for reducing 
the amount of intake air is executed by the intake throttle 
valve controller 41. 

25 [0055] Although the foregoing description of the pre- 
ferred embodiment has dealt with an example in which 
the control system is so constructed as to check whether 
the vehicle is in the ready-to-start state based on the 
transmission connecting status and the depression sta- 

30 tus of the clutch pedal detected by the start-ready sen- 
sor 32, this construction may be modified such that the 
control system verifies whether the vehicle is in the 
ready-to-start state based on the sensing signal fed from 
the parking brake status sensor 35. Alternatively, the 

35 control system may be constructed such that it verifies 
whether the vehicle is not in the ready-to-start state yet 
based on the sensing signal fed from the parking brake 
status sensor 35. 

[0056] The control system of the embodiment is pro- 

<o vided with the accelerator operation sensor 31 for de- 
tecting whether the accelerator pedal has been operat- 
ed and is so constructed as to further reduce the degree 
of dosing the intake throttle valve 23 than in the ready- 
to-start state if it is determined based on the sensing 

*s signal fed from the accelerator operation sensor 31 that 
the accelerator pedal has been operated during warm 
engine idling in which the control operation for reducing 
the amount of intake air is executed by the intake throttle 
valve controller 41 . This construction confers an advan- 

50 tage that engine power necessary for starting the vehi- 
cle is gained while preventing a sudden change in com- 
bustion noise by increasing the opening of the intake 
throttle valve 23 in a step-by-step fashion in the vehicle 
start-off phase to obtain a sufficient amount of intake air. 

55 Moreover, even when the engine is raced at idle, it is 
possible to prevent an increase in the amount of smoke 
caused by a shortage of intake air by setting the opening 
of the intake throttle valve 23 to a specific value to obtain 
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a sufficient amount of intake air. 
[0057] In addition, the control system of the embodi- 
ment is provided with the external load sensor 36 for 
detecting whether any external load is exerted on the 
engine and is so constructed as to increase the engine 5 
speed by increasing the amount of injected fuel and cor- 
respondingly reduce the degree of closing the intake 
throttle valve 23 if it is determined based on the sensing 
signal fed from the external load sensor 36 that an ex- 
ternal load is exerted on the engine during warm engine io 
idling in which the control operation for reducing the 
amount of intake air is executed by the intake throttle 
valve controller 41. It is therefore possible to increase 
the amount of injected fuel while effectively suppressing 
combustion noise by reducing the amount of intake air '5 
to a certain degree, but avoiding an excessive reduction 
in the amount of intake air. Thus : it is possible to effec- 
tively prevent engine stops which could be caused by 
external loads exerted on the engine. 
[0058] Furthermore, the control system of the present so 
embodiment can further improve the combustibility and 
effectively prevent engine misfiring and smoke genera- 
tion. This is because the control system is so construct- 
ed as to advance injection timings, i.e., the timings of 
the main injection and pilot injection, if it is determined 25 
based on the sensing signal fed from the start-ready 
sensor 32 that the vehicle is in the ready-to-start state, 
or if it is determined based on the sensing signal fed 
from the external load sensor 36 that an external load 
is exerted on the engine, during warm engine idling in 30 
which the control operation for reducing the amount of 
intake air is executed by the intake throttle valve con- 
troller 41. 

[0059] Furthermore, the control system of the embod- 
iment is so constructed as to retard the timings of the 35 
main injection and pilot injection by the specific amounts 
if it is determined that the engine is in the cold idling 
state. This construction is advantageous in that it is pos- 
sible to accelerate engine warm-up by afterburning of 
the fuel. " 40 

[0060] Although the present invention has been fully 
described by way of example with reference to the ac- 
companying drawings, it is to be understood that various 
changes and modifications will be apparent to those 
skilled in the art. Therefore, unless otherwise such « 
changes and modifications depart from the scope of the 
present invention hereinafter defined, they should be 
construed as being included therein. 

so 

Claims 

1 . A control system for a direct injection diesel engine 
having a fuel injector for injecting fuel, whose quan- 
tity corresponds to an engine bad, directly into a 55 
cylinder and an intake throttle valve provided in an 
intake passage, said control system comprising: ' 



an intake throttle vafve controller which per- 
forms a control operation for reducing the 
amount of intake air by closing the intake throt- 
tle valve to thereby make the air-fuel ratio in the 
cylinder equals to or smaller than the theoreti- 
cal air-fuel ratio during an idling operation in an 
engine warm state; and 
a fuel injection controller which controls the fuel 
injector to make pilot injection of the fuel prior 
to a main injection during execution of said con- 
trol operation for reducing the amount of intake 
air. 

2. A control system according to claim 1 , wherein said 
control system controls the opening of the intake 
throttle valve in such a way that the amount of intake 
air becomes smaller than a value which would pro- 
vide optimum fuel economy when it is assumed that 
the pilol injection is not made during the idling op- 
eration in the engine warm state in which the intake 
throttle valve controller executes said control oper- 
ation lor reducing the amount of intake air. 

3. A control system according to claim 1 , said control 
system further comprising: 

an exhaust recirculating passage for recirculat- 
ing exhaust gas to the downstream side of the 
intake throttle valve; 

an exhaust recirculating valve provided in. the 
exhaust recirculating passage; and 
an exhaust recirculation controller which con- 
trols the amount of recirculated exhaust gas 
such that the air-fuel ratio in the cylinder, be- 
comes generally equal to the theoretical air^fuel 
ratio under normal operating conditions; 
wherein said control system brings the exhaust 
recirculating valve to its closed state during the 
idling operation in the engine warm state in 
which the intake throttle valve controller exe- 
cutes said control operation for reducing the 
amount of intake air. 

4. A control system according to claim 1 , said control 
system further comprising a start-ready sensor for 
detecting whether the vehicle is in a ready-tb-start 
state and wherein said control system is so con- 
structed as to reduce the degree of closing the in- 
take throttle valve if it is determined based on a 
sensing signal from the start-ready sensor that the 
vehicle is in the ready-to-start state during the idling 
operation in the engine warm state .in which the in- 
take throttle vafve controller executes said control 
operation for reducing the amount of intake air. 

5. A control system according to claim 4, said control 
system further comprising an accelerator operation 
sensor for detecting whether an accelerator pedal 
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has been operated and wherein said control system 
is so constructed as to further reduce the degree of 
closing the intake throttle valve than in the ready- 
to-start state if it is determined based on a sensing 
signal from the accelerator operation sensor that $ 
the accelerator pedal has been operated during the 
idling operation in the engine warm state in which 
the intake throttle valve controller executes said 
control operation for reducing the amount of intake 
air. "> 

6. A control system according to claim 1 ," further com- 
prising an external load sensor for detecting wheth- 
er any external load is exerted on the engine and 
wherein said control system is so constructed as to ^ 
increase engine speed by increasing the amount of 
injected fuel and correspondingly reduce the de- 
gree of closing the intake throttle valve if it is deter- 
mined based on a sensing signal fed from the ex- 
ternal load sensor that an external load is exerted so 
on the engine during the idling operation in the en- 
gine warm state in which the intake throttle valve 
controller executes said control operation for reduc- 
ing the amount of intake air. 

25 

7. A control system according to claim 4, wherein the 
start-ready sensor assumes that the vehicle is in the 
ready-to-start slate if an inactivation of a parking 
brake or a depression of a clutch pedal is detected 
when the vehicle is in a stationary state and the ac- 30 
celerator pedal is not operated. 
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FIG. 4 
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